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NOVELTY - Photoconductive thin film for a photovoltaic device has 
low Urbach energy and comprises hydrogen and silicon grains of columnar 
shape . 

DETAILED DESCRIPTION - A photoconductive thin film formed on a 
substrate contains hydrogen and silicon grains, the grains being 
columnar in shape and the film having an Urbach energy of 60meV or 
below as measured by the constant photocurrent method. In a preferred 
film, the hydrogen content CI atom% due to Si-H bonds and the hydrogen 
content C2 atom% due to Si-H2 bonds has the relations C1/C2 at least 
0.8 and CI + C2=3-8 atom%. The film is preferably formed by plasma CVD. 

USE - In a photovoltaic device, such as a solar cell, as the 
i-layer in a p-i-n structure, or the p- layer in a p+ p- n+ structure, 
or the n- layer in a p+ n- n+ structure, (claimed) . 

ADVANTAGE - The thin film is free of light degradation and has 
superior photoconductivity and provides a photovoltaic device having 
superior temperature characteristics and long-term stability. 
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/x mlSLh 3 ju m JUTCfc ft £ fc jWSF 4 b v > . 

[00353 MEp i nft^JB. P* P" n*J£&JiXUt 
P*n-n + «^«^-C-il-eil1f^-rft iJI. p-flXttn 
- HOTffli: &ft« F-rWii/ V 3 va»fc$rft«Jil& 
irtsJM-f fti/MMS^ 'J 3 y^HBTftft - i: **# 

*u>. 

[00363 frtep i n1$&m. P 4 P" n^-g-SXJi: 

p'n- n*m&mbtmmmwBboffliz. bo*>p i 

nS^lA^LTSCb fltP i n&^ilASrfltJfrtft 
i ■ Att#*«rr ftlHWT i/ U ^ y*»RXI4**S: 

w-rft^affx'j zvt-'U mm>b%hzbm 

[0 0 373 lulSiilAOjgJfliO. l^mtLLO. 4 
/mJaTTfcft£i:a f tf4U*. 



[00383 |}EIlfflRWlWifll*jEWi« *• 

xtir^s^^^t'Sbftdt^ff^b 

v\ 

[00393 ISEa^aWBttX^v 9 x ) y^mx-m® 
Wz i TO*»^^ft U\ 

[00401 UEp i nm^m. P + p-n^lX<i 
P'n-n'i^SfcfjKgEKitJffc^lSlfc, ZnO, 

snOi^^bjmmmwsitthzbmtL 
[00413 iniBSfisiOT. msm&ymwM. m 

mgffiS&mno b b fc-o<0JBtf>*ffifiS R 
alio. 1 // mULt 5 ju mVXTX'h ft r? X ?-v -*8)i 
^tvlfc^tbv^. 
[00423 

[fffiB^JttfMBSR] KIT. **BB03tamttSWR. 
WTCSiBB-rft. 

[0043] 1) xic-S iffRtt. 9ft. f^^f 

ftSHttSR U c - S i : HUM) tt. 
(CPM) ■CSBetfc7-A.y?X*/Hf- (E u ) 

6 o m e vtrre&ft m^^^SA^.sttwj^ 

"tfttO"Cft->T. ^;b»?>ft3tSMMtfcJ:ft£i:a*V> 
^FiS^{a* {; Bi* , )T^V>i ) <7)'C'S>ft. Ltztf^X. %M 

7 -t: I6l± ft £ ft . 7— ^ n' •/ ^ x*/Wf- 

(E u )(i. 7th>-X*K-l. OeVOiS^O. 
9eV~l. 1 eVtCfeltftt<0T'S.ft^t* { t?4b 

[0044] 7-rtv9T J liWMr?Qtit£B& s 
IX^&tftyZ.lZ^ *mWu c - S i : H 
Jf ffilte 1 . 2 e VULtcOX^U^-c7)7tcO®lR(«ScA s 1 

oo a/cm) l^U:^)ft'tis , ?. x*;^-<r>/jN$v^ 

WJStK^ffi^T^i^tcOT-ibft. -W9>x.. 3ieeig* 
^^3tSSSWMlS^«<-rft>It* i T#ft. 
»< -f ft i t TSIfiBIB^SR^rtaW**^* - b * 5 
■eSftO-C. ^-v'J7^ffl4^|S]±$-^. 3lflB«* 
%^<T>-7 <iV7r? ^-S:(6]±$^ft i t #T'# ft . 
[0045] 2) -Si : HS«*<0Si-H»g£ 

«ffim*|4l±S*ft«**»**. fc-ft#S i "H 2 

r+fc:^PailHtoWBjRS*i. ^b<^mtt$rft : 5ra 
<OT'$>ft. 3t»Stt* ^ ^5^:^^:'^:^AC-S i : HjSK 
0*5HRIRX^^ h;U5rffi^-fft t . S i - H 2 i^-&0 
»-C\ S i -HmStHlbAsbWiZbtfZ^. fS B B B S 

H (tSAtftff) lis i -H^fcfcO^tkM fcv^o 
tt«*<*fti:#i4>*lft. 
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[ o o 4 6 ] u>u *m<vmmmmmm% 

£U 7*h>x*iWF-l. 0eVOSS#0. 9eV 
~1 . leVWf^f'f htJitf 5 -y K*> ^7" 

aiHcsi-He^j&«^fcoi:ttiw&k. mxh 

klfiX'Zh. uc-S i : HSRC5#M.»JDUW WW 
fctt, »». Si- HIS£JC*H6*& 2000 (l/c 
m)<0«Cfc. Si-H 2 IS£fcttJW62 1 00 (1 
/cm) <7)t&lRk S i -HIg-g-lCiSykSfiC 
,fcS i-H 1 te-S-ti&*«*C 2 <0|SlfcC 1 /C 2 S 
0 . 8 Wfflfib S k * , ±iB£)<k 3 SrSfcUaWtSB 
fli> ,1k 

[004 7] Sfefc*»«Ci3VVC, $?£L<<43^C 
!+C 2 S8 (atom%) £tt. £*lCJ: 9. 
**IS£fcJ:4 i/ U a y* >y h 7-?M3!tf>»6 ?a«B 
ftt^.SV^fweak bonds)l±(ii: 

[ o o 4 8 ] 3 ) *%wnm>wmm&. mi< 
it. &#ttA& (tcomttf&wx'bi&ikm^o. 

[ 0 0 4 9 ] =5rfc, a«M B Q B &t(i. i»PMtttiSA»* 

m£mm£gkm&%-tm&x'h&. tti. n«j&s 

%**?vT\tmik<mftmz&(rrh<r>x\ m^m. 
I.. zcDXoKmmizx^xmm&mmmm&m&t 

[00501 4) *Wfl<03K»«ttaBBWXttEI5f e- 
70)3 3*05 (220) e-^^A>it®$^l>^ 
fM^SIl 2 0 n miU±2 0 0 n mHTTfc* 

4f— 1 . 2eV-l. 9 e V<WKO««fl«*^|s*t* 

ttAS/'JavJaJi-C**. 
[005 1] £Att«>*& 2 ** 2 0 n m*l^C 
14, 8A8W)**S#/hS"rtf4fctf>, S-SfW^SSS 
ft, ft$«tt#ffiT^4t>^k#;i<b;h.4. T^fc 

=5:'), *^&WKT*4itf>fc#£fc:h.4. 



[00 5 2] ttA8W£fc*S#2 0 0nmfc8;l 
4k. &&#MlZ&<%h 

[0053] *?^®3@Itttt«IR(i. 3fc«9«SS*# 

finw*5S«>* i k a*-c# 4<ot\ 36* * y romm 

*6ik*fC*&. 34>£, fSAfitfW&egj&^On 
mja±2 0 0 nmJaTT&4»£fcli. SHMfeFWl*: 
»&*<*t$>*l4. 

[ 0 0 5 4 ] 5 ) *^BJ^3t^Stt31S{i, if 4 L< 
ISA«<0fMI¥Rtt. RS0. 5 ( R=ife B B B eTSliO» 

&®<7>mtfm%#ikMi' y 3 y trmvc ^4£k 

[0055] fH**R#0 . 5*Si*>*£fcJ4. ^Aff 
y'j3^S^< *4£tf>, *ifcftT8$ ( 8 0 0 n 
m~l 1 0 0 nm) £gft£mflafcPBiei&U 

[00 563 6) *mi<vmm.mm*. !4>©s i 

-H«f^Ki4^R#«C l *«2at om%£Lh6a 
t o m%&.TX'&&Z ttfft&LW Z<7>mmi. fMR 
$R k 0«ia^-v ^-ctS A6<0J9EB<^MUt^ 'J n ^4"^ 

*^w»«4i o~2 o a tom%nmtmmti&. 

[0057] U:#o r . tUHUMIM^U 3 yft 
aWf^Wf^ hfeit^S -y H^-yTXr-f h{43 

y r*>' h 5 -y r $ni> ; k {4(5 k ^ if* < . ^^{4+ 
B B B «v y 3 y<o««4*iHa*fc«paE^-* - 1 k <k -jt , 
[0058] xmatmmmmmizte. mm 

50MHz UUL 900MHz ^XT^WM^iSM LtzV 
yXicvnmza^x. y'JnyfM^t*!^ 
Umi. 10mTorrliLl:5 0 0mTorrJ^T<?) 
SI}, 2 0 0\:jjLJb6 0 0XyaT<0*KiaKT»j£-r6 
ik**S4tV\ y'J^yt^'XCIi, Mx.(4*7v 
yy^y. byx5y*k*^i'5>'S* i; iif®^ffl 

[0059] ftt, i/U3y**^Jttfc»ur. l 

[00 60]MiMR(i. 1 OOMHzK 5 0 0MHz 

[006 1 ] WSAs aSfeWLTWHRST. s« 
®66IS8E8i(4 1 Ommllh 5 0m mlilTT'l) S k 

[0 0 62] E^Ji41 OOmTo rrULk3 0 0mTo 
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r rJttTC**£fcjWWU\ 

[0063] S&Effljfti. 2 0 0rJiU:4 5 OWFC 

1 0 0 6 4 ] «Bt»WCV-tt, <£< LtitSS^S-T 

tf a c: t mmmttumt immum 
ntfzz&<mi. sw? ±ifx 
7-/KRxr^aa*/hs < lt > m&ti zttmt 

[0065] S*>£, ISflttfcflLtStf&fcibfc:, 7*5 
X-?WZ&/**7-(V&ffiWW 7X (J5&i&3~3 0M 
Hz) i«i-l 0VggODCA>f T^^EPilDLTfc 

[0066] tit* n-;U • y- • a-^S: if £fflV"> 

[00673 7) immr^rnm^<r>%-(rsim. 

-f£>P i nSte*. fe«tW^mi5rJi<XWlUT» 

& i mmmcommmm u c - s i ■. urn®) 

[00 68] Ki/IfiS-y -/TX'tA K tA)\> 
v\ 

[ 0 0 6 9 ] 8 ) *#H03K«*a**<3iS^»JS 

■r * p ♦ p ■ n ♦ . ±s x vwmnmzmmm i 
m&th p-mmmom'mmm (mc-s 

i : mm) X'bZZb*¥fWlti-2>. 

[00 7 0] Kp-WiS-y Y*Z*v-rxf-A K tA 

ivztA htfm*>X'j>%< . Kv>3ra«ttfc:rr*#« 

8»3W»L HifcmflE. &SJf7 4fr?T9 9-ifi 
[007 1] 4fc. p-«fc»ft-*-*fcrtfc:tt. fflftti 



x^{zt^mt^-tht'xi^Mtfi\i^<. p-m 
*P<7)*^%<VM£{i.l 0—1 0 0 0ppm#$?£LV\. 
[0072] 9 ) #&BJO^«;fi^<3S=«flifi& 
{i. SlSLtfc. kfcSBBRItffl. 5ftgl:»l£5&£ 

■CJMSSflSftiBEWR^CiS^T. P 4 n- n'lfr&Ji 

* mm-i n-mmmwmmmm (uc-s 
i : mm) X'b&zt&mbti. 

[00 7 3 ]&n-Jlti 5-y VXwrxf-Jh. tA 

[00 74] n-JI*»«1-Sfcft(cli. Hfi/f 

COD >-OfJ-^{i IO—IOOOpp mtfiftt L^. 
[0075] 10) *8H<WJSB*a*?fc*S^TiF* 
L<tt, P i n«f^«**jJW4««)5%il^T«i: 
^SJgh'-TJi (n*4fcttpJI) . P + p-n*fg-^l 
*»rtW-*JI^a^p-JI*)Tifti:4i*H-rJf (p* 
l*fcttn*l) . p»n-n*»&«*fl|jfi1-4«03t> 
n-J|OTlfik*4*K-7 , l (p*l*fclin*J|)0« 

[0076] zti^im. p-m. n-«+Wil~10 
ooppm«> mm. 7-vm. 

[0077] CICOJ; 3 =5rffiB£t<J: 1 pi ng^Jl^fll 
^tl.i)i, P* p- n + &£/I£tt|j£-f &P-JI, p'n- 

[0078] -rtch-h. jMrnzitmrnnm^ i a, p 
■m. n-m0ffi®&&Z'&<i-z>zbtf3xhifiX'i}M 
btth. ifri. ztib&isz&imi&t&b, mix 

[0079] Zcr>Xo^:%^~ iM. p-JBXJ±n-l<0 

is«*^B^aiLTv^®JSf{±^ B B ®«ffi-cfigs-r 
[0080] 3^«*»«tt»itt*^»«aa-c» 
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mv>mie,mm>m£' B ®(D±z o . 1 1 
*tBwwcti»t*««*<oo . o i i ®nsim 

[0081] 11) *5HK>*iBl**^fc«V^T . 8 

skulls**;: fcjprs*. 

[00823 12) ^m^m^m^za^x „ * 

«l9Rlit^ * U y^'&Cftjftdft*: I TO 
^. X*v9» yfmX'BJ&Ztitz I TOIiBlfittjWS 

< . *a*>4. i o o-cco^mx'H^^mm^t 

ffl~l 0 0*C<7)fEB) *m±*-fr*ii: 
[0083] HRWK»V^3jt3tiB«*3R^ta!i»t»*i 
*fc, jM«j**tf>a*ULLJW-*. fl*tfJC*>ift35 

«(6k«WWiWI^, i*|SBBftfci: tfcJSfii**** 

mnmfmimmx'foh, 

[0084] 13) 43HK>£iBtft*T<C&Vvc > p 
inft^l, P 4 p-n*ig-&l, ifcttpTrn'SteJl 
fcajH«li:<0l8fc, JS'J^p i n»£J|A£**U 
ttp i n^«A*fl«*4 iJiAfc******"** 

u 3 y»mrc«MW*i t a*»* u*. ztuz 

X 0 . *fi«** : F<O^Ht««* *<Ofc<thZbVX' 

[0085] -f &fc*>. #»8tf»^tt9KOAy H 
JftvrilSl. 0eVT'S>l.i:#t4>ilS* { . iiiJ: 

a^jRSR^^SiJiAai. 8-1. 6eVt^ 

fc J: h^W&mtth Z t S . 
10086) ZOXo *m«S«03lfiB*a**fc 
•fSCfclCi-pT. ills p-Jl. n-JI<7)J&J?£S<c>-f 
CLfcA J T'#, Pi nft£*. P*p-n*»£JB. P'n" 

Ay K*-r 7/O^I Sr*ffl£ i JlAfcffl^* £ t fc J: 

ot, ^m*i£^^^tt£&«-r*;:fc#-c£ 
*. 



[0 087] HEWl=. **ft^yH*+»7 , t*t* 

WiaStci * JSKi/h* ^J: o ?*>* . *»9K03esW 
tiffltunxyY*-* -x ra i . o e v ^ 

*>v>tmtffl^fca>iwp i n&tiSAzmjs-r&zb 

[0088] "f . fflJfcLJHcfr a HBft«fiE?)<E 

[0089] 14) *«BB<%|fi81S*aH t t:t$v >T . ± 
IfiilASr, *#5r-&-W-n># B B B©xy3>fija. tn 

[0090] Zi\bnti®ii*m*il?1iLX^htiib. 

uboT'$>y. *v««Bfc«8i, mwss., axvyj 
[0091] y a y»jwi i . 

7eV~l. 9eV^'y^77JtU 

#f **JHt^U K&Ra 1 • 8 e V~ 

2. 1 eVtfV^H^-yrSrW^SfcA, 

«S3te«^i*^ i ma t Lximzttmx'hh. 

[0092] AVK** »?W:*nWH[^) 

[0093] m&is y n >«mi, %-%th*%m> 

Uit'^y F^f -v -y Tti** 0*5. 7K^-iTi|-** J 1 5 a 
tom%*fi£4fc33v*£*<£<$rSfctf>. 3^-fL* J 
*#<* I 9S4L<«:V\ *3g-if*-*i:tT(i. 15a 

[0094] ^ b b b «^ y n vi]-*4 mmt. nmz 

#*Wfi* { ^ < 4* H if F4f -f >x * < . 

4 K f^Xf^ hbtijDl-|>^T'. #^fii LX\t 
5-3 0 a tom%A«SS LV^bcOT'^4. 
[0095] 15) *«W<03ei8«**?li. P i nj$ 
P*p-n + ^fl, t7t(ip + n- n*g?-^JiJ:SM 
RltltcOHC, ZnO, SnO|^^:£SB9S^I 

[0096] zmzx o , ymnxm? <^m.mm±t 
hzbtfx'*&. mm&Bfmwacomjimtf io-i~~ i 
o- 5 (q cm) x-h&tcib. WL'j?mm-<nm®mmx' 
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comma. &mt imi>i<iZp-m>i<ter\-Mb 

umbthZblzX*), mUfrZy&M&rto^ttf 
*mWB b SffiRStii b oftmizix ^X » JSff&PSS 

[0097] i6) *fwj*>*ie*a* : ?tt. SB^^m 

1, SffiSBJ^mi. ^5r< fc h k- 

-?£>S^4. HffifflSRatfO . ljumfeUiSiumJaTC 

4. 

[0 0 98] 1 7 ) *#»0#iB*a* : FU;, il- P 
-Ji, n- 0. 5jumJ2U:3/imJaT"C** 

WtftRtt. 1- 2eVja±07*b>X*/Wf f -*^ 
tS3K«ilRM*^§^Ot, ft#<0,uc-S i : H 

■t^b. zvmzf&mzitzzbtfX'Z. lamizb 
azhmzi>mil^l)C0X:3>&. jSJUfrfft:: 
bizX-yX, y MWr99-^:%>hhZb^X'%h. 
S t> , < & ft *>T3fc* -V U TOS^-&* { 

[00 9 9] 1 8 ) sWWfctfHBWWIffli. i^AO 
BMW, 0. l^mfcLtO. 4;umfclTT'*>4.r k* 5 # 

m^S^ 1 T'(4 . * OHJi(i 0 . 5 ju mgg i: **fir "5 /I* 5 

gfg^S^f-WiJBACOKJSteO. 1/xmULhO. 4/xm 
WW8*l*fcK>, jfc#ffc£ffi*f4 £ t A*T'# ft . 

[ o i o o ] 0 1 (4. *mi<rffl*wmm<m&>m 

O-W* jjctWffiETCft 4 . 0 1 fcfc^T . 1 0 2 (42 
«T* 0 . *<3±fc***teSK 1 0 1 jW»SS*iTO 
ft. 

[ o i o i ] 112(4. *m<vmuimme>7-rt 7 
?x*f&- (e u ) **ft4fc»ic. -jstmsKS 

(CPM) TfflJg LfeSilR^jStX^? h ;UT*J> ft . £ O 

0. 9eV~l. 1 eV0>7-A??x;M^-{i4 8 
meVfcftSSftft. ©JKffiSO*g#iI(4tt5Bfcgt»-|: 
fflV^-CIWR«R»«rS»>, 1. 4eV-~l. SeV^ft 
£8ct4J:5fcU:i>tf>T*4. 



[oio2] S3{4, #yxmi±.i,zB&it:mm& 

mWW7-'* - y ? x*;l/=¥- (E u ) t^rfgk^W 
$T'J> ft . 7-^7 7 x*7Hf-# 6 0 m e V £ iSi. ft 
b. vurm<om¥l 0- 6 cmVVtlTtiO. 3t» 
WftfeWKT LTV^ft^k ##A>ft . 
[0 103] @2tJj:Z/H3tJ:0» -Jg 

(cpm) tieLfcr-x^x^- 

( E u ) <D#»$:&Brt\ 7 * h yx*;l/3f- 1 . 0 e 
V£7)j£^F0. 9~1. leVfcfcWC, 60meVaf 
T*4 - fc iffiZ-t ft C #T'# ft . 

[0 1 04] 04 (4s x'jny^xVN-iKJg&U:* 
^f)^mttW:fc^r, s i-H»£(cJ:4** 

«#14T**)ft77jur«t<OR|«S:^U)tt><0T*4. JR 
•WWi as-depo«JB( ttBBti&k* ftSa&f fiFOl* 
©) <7)tc7K XEP(4AM 1 . 5(10 OmW/c m* ) 
<D#£ 1 0 0BHSBBJBH»LfcfcOfcfl?*4. 
[0 105] H4tc*5^T, C,/C 2 i: 77 ^8^(41 

rflb&tio-'cmVvBUit^'j, Zeyffl&lz&^x 

immft&tf&m'fr tzb #»»h . $<o(w, a 
ft t c , /c 2 *< o . 8 £Lh<oii«-ctt mm b ^ 

if3Sft*1* - 5t^W(3 bA,b'%^b^oZb 
ft. CPMT'7-^*-y^x^yU^f-E u $:^^Jt 
b^h. C,/C 2 *«0. 8Ja±Tl±E u tt6 0meVja 
TX'tyiti. 

[0 1 06] 115(4. j/'J3y>iA-i(:MLfc* 
56BBtf53iai«tta«fc:« v %r . C , + C 2 b JKWWHtC 
^ft^/x^ak^MfSJr^L/it^T'Jift. HABW4a 

s -d e P otOB (fmmk. mfflmomm) cot 

<T)^ xEP(4AMl. 5 (100mW/cm 2 ) CDjKS: 1 

[0 107] 05(Ci5UT. C x +Zi#3%&±.9ffl& 
T(4. »?jurSW»«HriO- 6 cm»/VjaJ:i:*"5, * 
Octets V ^T3t»m^tt* ? ft»T'J> ft Z b . 

«fi£KfcV>Ti4. C,+C,*«3XJ2Lh8J6Ja 
TOfHWtVAt tW* 5 (5(? 1 0" 6 c m*/V&±tH 

%^b^?Zbtfttfr&. CPMTT-A»^ 

x+^-E^a^fcki*, i<o«*cttv^t» 

7thyi^M-l. OeV^fO. 9eV~l. 
1 eVcOE u (46 OmeVaTX'fc-yt:. 

[0108] uztf-ox. m4ti&vm5i l zi*). mm 

4><i0Si-He^KJ:4***^r*C, (atom%) 
tS i -HCiftTk^-g-^fiCz (atonX)Oia 
^rWffi* J . C^CjSO. 8A»03gC,+C2g8 (a 
tom%) T'$)ftCli:$r^-fftC:k* < -C-§ft. 
[0109] *IMW3lSWtt»II!W)ffiBTEM««:ii 

fatfw®,ztt\.xmjmxhhzbtf i ftft'>-tz. a* 
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[01 10] v^v^4jfeftTf3!Siifc3iawtttailt 
fWLfc»JH&*>¥*M&Stt. m n m~3 0 0 n mO 

Zb. RtBW&0*£\ J F^«ca* t 20ninJ3Lb200 
nmJ3lTT*4»lfc>, 1. 2eV~l. 9eW>3fc*> 

[ 0 1 1 1] i JBK*«H*»l»«tt?IR*fllV* 
BW?ttttl,fc*&\ ¥*3?4g#2 0 n mOt2 0 0 n 

km fritz. 

[01123 ZMz£ 0 . #**ttaM*>X«EHfr*'< 
9 hivnttWaw (2 20) t?-?*>4>ltg£:ft. 

&&&&<wm&(oim%mmtf. 2 0 n m ja± 2 0 

0 n mfilTT** Z k £ t #T'# S . 
[0113] v^>v^*^?fl*3ftfc*^ttiIR 

itfrt>immm&iK. *<m. ami. 5 (100 

mW/cm 2 ) «0#£1 00B#|Slj$^M5tUT, ??/xr 

&tmt v u vmmiz 1 0 - • c m^xtkmzm.x 

[01143 mm£&<rxmizm-&&ikfk 
?>mmR<?>m%mte. r^o. 5 {R=&mm 
mmm/mmftvtm > t* & c t c t 

[0115] i^i^2^?fl*3toWB«tt9ffi 
(CAM 1 . 5 (1 0 0mW/cm 2 ) OftS: 5 0 0 B$Hj 

1 - wm^zxh^m^mc^v uvnk<r>mmt 

3 Kfr^fc. Si-H«^t:J:** 
mii^&tK 2 a t o m%Ul±6 a t o m^OTC&S 

[0116] #N9to9MiaMtt:*hut. mm. 

5 0MHzfeLh. 9 0 0MHzfclT««;&$£fflVvt:r 
yX-?CVDmz)5^X, i/V3ytttfXk*mtfX 
SrffifflU lOmTor r£l±5 0 OmTo r rtlTW 



E*. 2 0 omJ:6 0 0X:&T<V&®S8J8.X'MfSLtl 
ZktfmtLW 

[ o 1 1 7 ] 0 1 ott. *«BB^awtt»H«aBSfc 

[0 1 18] HlOOSSBfggKfcWC. 1 00 2MK 

AZtiWl, 1 00 3UJ«sS«k 10 04ttaHEl 
0 0 5£flO&^i>t-?-, 10 06JimSA (100 

7 ) caasixfeWiA-c, 75X7i o 1 2£±se-f 

ht:ib(r>i>(7>?t>l. 1 0 08li. T5Xv^\MTX 
£9ffln*4fctf>0>WBBT'. USB (1 0 0 9) CffiR 

tonayyffyzjw?'* l o 1 1 fcjJ&ESSrtfflfc 
»xrx«ffiamn8^sh.-cv^. i o 1 3«. jtss 

»10 0 3rt«0E*&*ajr*JE*-feX^-Tfti. 
[0119] ftJQOTXafflttftli 5 0-9 0 0 MH 
z, ><-r7XTO«fli8RttO~3 0MHz#a4L, 
\>\ 11*0:1 0~50 0mTorr» gffi&m*200 

~6 0 0x:#a*U\ ifcWBtfxtcfc* : syv (S 
(PH 3 ) „ JMfc*»>« (BF 3 ) £if£flBB*l>. SB& 

7%k'*m-t&. 

[0 120] 

immn (mtmi > si otc*u:«»ssii£fl§^ 

T. m^AcoTOS?: 1 OOMHzfcU mffiAt^ 
BIKIt^4 0mm. «*BWjaiHRfcl3. 5 6MHz 

y (SiH») , **(H,) fcSUHUl. Xfitt. 5c 

[0121] mmmmzw £H 1 tc*-r . o as ut 

l\ Ktc©^m5r^«LTCPM8a£i:77xzr«Offl 
«t?T->fc. 77yx^bW»iM«yij3y (a 
-Si ) £S-f480 ( 1/cm) ^iS^x^htefa 
tt^U3>-S:^-t5 2 0 ( 1/cm) <?)j^x7 hOffi 
Htf&btitz. tii. 7*h yx^i/df- 1 . o e vo 
iQgO. 9eV~l. 1 eVCtJJtSrwN'-y^x^yl/ 
^f- (E u ) fc77^rS«4^1^«t3tc : 5r-o^. «r*J, 

[01 22] 
[HI] 



(12) 
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ass 




(mm) 


fcgB 


E3l 
(Torr) 


m 

Cfc) 


(nm) 


(meV) 


(cm'/V) 


SiH. 
(seem) 


(seem) 


PH, 

(seem) 


BF, 

(seem) 


CMHz) 


(W) 


ma 

(MHz) 


(W) 


mmm 


60 


2000 


0 


0 


100 


200 


40 


13.56 


5 


0.2 


250 


1050 


58 


2.0 x 10-' 


JtttWi 


60 


1200 


0 


0 


100 


400 


100 


13.56 


5 


a2 


250 


1070 


75 


4.5 X 10" 7 



[0123] aaswi ) msAts«^i®i^i oo 

? h A'A»4>#IW5' 'J 3 y ( a - S i ) 4 8 0 
( l/cm) 0*ISx7hi:JS^tt^ , J 3>5r^1-5 2 
0 ( 1/cm) 0^^7hOffl##J.&ftrt:. 
7-/^?iW- (EJ bvu.TW&ikWZ.o 

[0 124]Hlfcj**J:3£, &Sfc0l 1 cO^m^fg 

[0125] ( mum 2 ) ^» i -vim Lfcaeswtt 
«K*wfflUT» bi i tzvktmmm? (Pint 

fcfWLfc. znWSKM&f- 
12, £8* 1 1 0 2<7)HSI±C, Kffi£<W« 110 3. 
KffiiSBJ3&B* 110 4. Pi ng£JI 1 1 l l . M 

mil 1 os, fcii/mmmffii 1 0 9tu:oTflija 

[ 0 1 2 6 3 3BS 1 1 1 Oli, Sftttl 10 2. gffiK 

mi 103, axxmmmmmi io4cj:->t 

HMtS*.. 5cmx5cm, JfSlmmO 

X^>U^«HR<03d9*J:t:. 6 0 0 nm<Dmm® 
SrffiJS 3 0 OXXZ J3V vc xn" « y ? y V/ttTJBfc I , * 



<0±{C5S 2 5 0 0 nmORflStB ( Z nO ) £ 3 0 0 

Rate. 0. 1 8jumTft-5fe. 
[0 127] pinfiteJffcL n,*l 105a, n 2 « 
1105b, iJil 1 0 6, pill 1 0 7KJ:oTflljft 
$flTV^l>t><7>T'J>£>. n, HI 105a, n 2 JI 

1 105bOg«SttnS?fc«. JltmiCtt. n,l 
1105aiia-Si : H : PjSffiL n 2 J11105b 
li^c-Si: HUM. i 11 1 0 6li*%,W0>mn 
Iffli. P«l 1 0 7iiu c-S i : H : BSHTOBft 

[01 28] 01 0fc*3*iSiKt*ttB!LT*Ji£?B 

-^*t+»ff->fc. JUEMUWHi, 3k2iztt#>Xm 
t. Kfc. AA7?'J V^STC I TO*>4.*ftj8«»Wt 

fc. fls$!sXfc:fc»«*ft£y-7->'$ aU-*- (AM 
1. 5, 10 0mW/cm*) <D<ifc-CIV«lj£(*8S 

-*E&tt«ai£) *ffv\ (BJJfcSJE, 
M*&3fc«ciEi:£8TO) *2<OJ:3fc 

[0 1293 
[£2 3 











US® At 




(Torr) 




(run) 


V- 


J- 

CmA/cnr*) 


(96) 


SiH, 

(seem) 


H, 

(seem) 


PH, 

(seem) 


BF, 

(seem) 


(MHz) 


mi 

(W) 


(nun) 


ESS* 
(MHz) 


(W) 




n.JB 


4 


50 


OjOI 


0 








1356 


5 


1 


250 


10 


0.482 


25.4 


8.13 


fisA 


05 


60 


0.1 


0 








1356 


30 


05 


250 


10 


i® 


60 


2000 


0 


0 


100 


200 


40 


1356 


5 


02 


250 


1050 


pJB 


05 


100 


0 


0.2 








1356 


5 


05 


150 


5 




ni© 


4 


50 


0.01 


0 








1356 


5 


1 


250 


10 


0.430 


23.8 


557 


lb® 


05 


80 


0.1 


0 








1356 


30 


05 


250 


10 


10 


60 


1200 


0 


0 


100 


400 


100 


1356 


5 


02 


250 


1070 


pB 


05 


100 


0 


0.2 








1356 


5 


05 


150 


5 



[01303 atmi2) itmi2it. mmitrnt 

[01313 J-XhWct ? fc. I8ft«2 WjfiettWR^ 



[0 1 323 (StfcfflO ) 01 2tC5^3KjB«*3TF 

(pi ns*i®m?fi) jmu. zcoffl&mjjm 

fil 2 1 0 . Pi n&IS® 12 11, SffiR*f« 1 2 0 
3*^^rl». 

3d*»12 0 2. SnO,=Srf*»t«r*i»Wi««|12 



(13) 



tim* 11-317538 



0 8frt>m&zti&. 

[0 1 34] p i ntg^Jll 2 1 lit. uc-Si : 
H : BSR;K>fr*pJ|l 2 0 7. *fB^^3tSWtt» 
K0»4>*r* ill 206, juc-Si : H : PSHRft'fe 
&£nJIl 2 0 5A»*>«j£$fl£. 

[0 13 5] Sn 0 2 & jgBMmm 2 08 



fcU:. *^«0»JSfttt«:Si3fc5cf. 
[ 0 1 3 6 ] ifc. SgffiEOtfJI 1 2 0 314. 

C0137] BJtoJ: a fc. jBSW303ee«**p{i 
flbifeHftt Sr* n £ i t jWW»-»fc . 
[0 138] 
[H3] 









fit® A 






(Torr) 


08 


BP 

(nra) 


V. 

(aA/aa 1 ) 


3m 


(96) 


SiH* 
(seem) 


Ha 
(seem) 


PH, 
(seem) 


BF, 

(seem) 


mm* 

(MHz) 


(W) 


138 

(mm) 


(MHz) 


(W) 


mm 


p)B 


05 


100 


0 


0.2 








ia56 


5 


05 


250 


5 


0.485 


255 


ao7 


iJS 


60 


2000 


0 


0 


100 


200 


40 


1356 


5 


0.2 


250 


1050 




05 


80 


0.1 


0 








1356 


30 


05 


150 


10 



[0139] (XHM4 ) «4«ftfrT, 

U CP Mae, #JWyKMS£frV\ 7— 

Ay^I^kf- (E u ) . 77 >" rllL **£**fcit 

jlU-?- (AM 1 . 5, 1 00mW/cm 2 ) <0tfc 
£5 0 0i«H»lU BV^iuzrat^fHiLfcki*, 



®<nWmizZ a. 2§6fe0fl4 b. mMM4 c . 

[0140] 
[*4] 













(Torr) 


JESS 
Ct) 


(ran) 


CneY) 




00 


V U T 

(«VV) 


ytmm 

c 

* ^ T 

Ccrf/Y) 


SiH* 
(seem) 


(wxm) 


PH, 
(seem) 


BF, 

(seem) 


(MHz) 


(W) 


(mm) 


(MHz) 


(W) 




80 


2200 


0 


0 


100 


200 


40 


ia56 


5 


055 


200 


950 


58 


254 


ai 


2L5X1CT 


2.8x10* 


3S»«4fa 


60 


1300 


0 


0 


100 


300 


100 


ia56 


5 


055 


200 


960 


48 


04 


2.3 


L9xlfr T 




&tefl4c 


80 


2400 


0 


0 


100 


200 


40 


1356 


5 


0.15 


200 


950 


45 


251 


7.7 


5.3X1QT 4 


4.5x10" 




80 


2400 


0 


0 


100 


400 


100 


ia56 


10 


0.15 


200 


960 


52 


1.87 


6.6 


4.3X1F 


4.1X10 4 



[ 0 1 4 1 ] *4 Kjjcf «fc 3 IC, HMW4 a . $mM4 
c. Hlt0t4d(OjKmttllRtt. jllt«l4b05j(HW 

[0142] (JUIM5 ) a«*Sflfi**3TU *tf>£ 
=¥- (EJ SrfHBLfctt. ^^S^^^BpT 

EMamaFfltiMBKU *0Mm0t&Rbimin 

[0143] »AttO»«tta*T. *tf>* 



4ftKB4. 2° X-hhZbtMtti^iz. HISW2c0ft 

jB«*3iFM) i jik t ra«ca«isAft-c» •) . 

S«a»t<W^S«48. 2- -C*ofc. ^3t. Jt« 

01 2 o3^m*^T-{4 , i mcDm&mtvmmzftmtf 
[oi44] oho i 3 a«M B B H m^^L. 

[0145] 
[«5] 



(14) 
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«0ti 

ESS 
Cm) 




EE?) 
CTorr) 


m 

CC) 


(m) 


(aeV) 


C ) 


7. 
frA/crf) 


J. 

(■A/ctO 


Emm 

00 


sin 


& 

(ceo) 


PHi 
(seen) 


BF, 

(seen) 


QIHx) 




Qgjg) 


CI) 




60 


2000 


0 


0 


100 


200 


40 


1&56 


15 


02 


250 


1050 


47 


42 


0.491 


28.1 


835 



[014 63 (HtfiM6) WHk ! ^J^y^m»Rifi 

**F*fl®U:. «fcW2fc:*$VvC 
6^id(c1-*JaWi, J(3SW2i:|5|t3fcieifc&*^£ 

[0147] 4NRU:X?a*IMiltttt2: C PM£SI 



VftjmcAMl. 5. 1 OOmW/cm2<7)3fe£5 0 

0 . IQ6#J6 a . Xffifl6 b<0 i Jifcltt&tt&fi&tfff 

[0 1483 
[£6 3 









WW 
0b) 




BE* 
CTorr) 


S3 

CC) 


m 




S 


AMI. 5 100m/ 


erf 500h F 


m& 


SIB. 
(seen) 


(seen) 


PH. 
(seen) 


HP, 
(seen) 


Qffiz) 


00 


asi> 


00 


V. 

CaA/crf) 


J- 

CnA/csA 


00 






80 


2500 


0 


0 


300 


200 


40 


13.56 


10 


02 


250 


930 


55 


0.81 


0.482 


252 


&16 


0.984 




60 


2000 


0 


0 


100 


200 


40 


13.56 


5 


02 


250 


1050 


56 


052 


0.481 


253 


ao3 


0.988 


JtttM3a 


80 


2500 


0 


0 


300 


300 


100 


13.56 


15 


02 


180 


940 


63 


0.46 


0.457 


22.7 


545 


0.864 




80 


2000 


0 


0 


300 


200 


40 


13.56 


20 


025 


420 


960 


77 


0.41 


0.443 


23.6 


5.77 


0364 



[ 0 1 493 (JtK«3)*6fc^-»lSftfr"CiJi3& 

[0 1 503 fcLbOJ: oC> S^^SfR^RS 
0. 5-C»*S6fcfll6a. HitW6bW3KiB«**^ 

ii. jtwj3a, it«^J3bcjt^T, fe^ytomim 

[01513 (mm 7 > a 1 3 ^-tmmm^t/m 
«, wk i 3 1 o±c. mmxm 1303, 

ZmL-fl P* P" n*ig£S 1311, fcil/fflil 
JU3 0 8*MK*£?v**. 
[0 1 523 S«13 10, K®&l*Bl 303ti, H 

mmk®tt><7)*miLt:. p*«i 3 0 7J4iaiw 

3«0plfcHt<ftft. n*JH3 0 5ttWt«4Onl 
fcRt*ftTft«Lfc. Sfcfc. p-«1 3 0 6I4»» 

i «»jS*fft=jDi"CJMb1">* ( B F 3 ) Sr 
0. 6sccmffiW)giLfc. 
[01531 jfdWflMSttfcMJSLfci: SOIW3 

xiM^- £Sfl5g L£ t £ £ . 7- A 7 ?x*/Wf- 
(E u ) (25 5 (meV) 

[ 0 1 5 4 3 * fc . gmfcx*JWf-# 0 . 42eVT 



£0»Kg*7J*FfcAMl. 5 (100niW/cm') 

[0 1 5 5 3 (ldtiH8) jttfc«7tC*Jtt*p-«13 
0 6 * n-Bfc LfcEWMiH taBStfytStt*****! 

nut. Kn-iii. mmmc?>immi8&tuziiiz.x 

•fcX? <V (PH 3 ) £0. 3 s c cmSELTflML 
fc. 

[0 1 56 3 jkRWMSttfcSKU:*:.:*. HSIW3 

LT C P t 3W*<DiSttffcx* 

(E u ) tit 5 4 (meV) Tfcr>Jt. vSft-ffcX* 
;^-#0 . 39 (eV)tJ>0. «mS^ n-fflT* 
h^tffftfritz. i<03ISB«j*?t:AM 

1. 5 ( 1 0 0mW/cm«) 03fe?r 5 0 0 ^HaiL^ 

1t(i{JtAfc'SSfl:L^*»-5^. ^r*3, BfB5TEM«o« 

[0 1 57 3 <3dt0!9) p i n»£JIfciS l D»«ltf> 
Bit:. SIJOp i n^lAJMU P i nStelAS: 
tS^-TI) i /fAii^Sr^-fS^Hvy 3^4 



(15) 
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[0 1 583 014£fc^t\ S$14 1 Ofcp i nfg 
£Jf 14 1 Hi. SHfcW2tH«*«T«jS«<lT^ 
3>. t&*>*>. S«1410ti, $##14 02, SB 
£StJ11403. tSttfKRfflm9M140 4£.X'i 
Xftf&Ztl. A*WfcJi» ScmXScm. I?lmm 
^*TyUX$^i7)31§ft±C. J?$6 0 0 nmO^I 
ffilSriSg 3 0 0 *C fcfcl vc;ut » * U y^ftT^jS L . 
*0±Wf S 2 5 0 0 n m(7)i«S ( Z n O ) £ 3 0 
0t:fciJVvcJBjKU!:fc*>£J8^fc. .r<7)S$<0fM 
£Ra&, 0. 1 8jumT'J>o*:. 
[0 1 5 9] Pi nft&lti. 11^14 05 a, n 2 JI 
140 5b, i«1406, pll4 0 7C«t->T«}« 
S*VOV&. fcfe, n!ll405ai:n 2 )Sl405b 
«W2ttnfi?ft*. JM*«fc«s n l J11405a 
tea- Si : H: PfUJL n 2 Jf 1 4 0 5 bJi;u c - S 

1 :H«R. iJBl4 0 6«*5fflHW*8WiSIK» p 
ill 1 07{i^c-Si : H : BSRCJBlfcSflTH 

[ o 1 6 o ] p i ns&Ji 1411 tmwmmm 1 4 0 

8<9raC#Jfc&*l* P i ni^lA 1 4 2 1 ii. fm/R 
isViymm (a- Si : H : P) *»fe*4nlA14 

2 5. |MW^U3>«il(a-Si : H) i 



JIA14 2 6. «8fi5'>J:3:/»Bt (juc-S i : H : 
B ) frb&l p!§A<Dm® 1 4 2 7 K«k oTfiljfcSftT 
OS. 

[0161] *J|tf>#rtJWK *H«i«*ttfflJSfcfT-> 
fctS***7fciR*. **>a. 12 0*CO2m+#H^ 
C 1 5 OMBttBU *Of£Sffl£t if l/C*»ttiW* 

tttaeufc. **>»*t>*7ic0H£U:. -eossm, 

SfcJ: 0. HifeW9<9 i JBfcJittljeiSfllM^Wrt-Si 
[ 0 1 6 2 ] 2 5X:*»4>9 

3SH$&$?)ag=i#ttJi, -o.o3 5%/°cx'h->K. 

- o . 0 4 6 %/'c . jtwj 2 nmMxn 1 ? vmmh 
mviSMmmt - o . 052 %/°cx$> iztfrt>9m 
m 9 <D^n*m?n%mhm<D&g.tmiimmm 2 & 

IftHRW 2 fcJ: 2> 1 <o «t 0 i 0 fit oi> i fc 

[0 163] 
[*7] 











ESS 
dm) 




CTorr) 


m. 

CC) 


m 

(nil) 


CneV) 




J- 

(mi/art 


CO 








SiE. 
(sees) 


Hi 

(scan) 


(seen) 


BFi 

(scad 


Offiz) 


(W) 


QQz) 


00 


CnA/ctf> 


a* 

00 




ft IS 


4 


50 


aoi 


0 








1356 


5 


1 


250 


10 
















05 


80 


0.1 


0 








1356 


30 


05 


250 


10 














\m 


60 


2400 


0 


0 


100 


200 


40 






02 


250 


1180 














pH 


05 


100 


0 


0.2 








1356 


5 


05 


200 


5 


52 


1.408 


125 


12.7 


125 




D©A 


4 


50 


aoi 


0 








1356 


5 


1 


225 


10 














i»A 


4 


50 


0 


0 








1356 


3 


\2 


225 


360 














PISA 


05 


100 


0 


0.2 








ia56 


5 


05 


150 


5 














iS 


60 


1200 


0 


0 


100 


400 


40 


1356 


5 


0.2 


250 


1150 


75 


1363 


115 


11.2 


10.1 



[oi64] ( it®M4 ) i mzm 7 iz^-r&VrX'm&L 
u $ uzwmwa 1 4 0 8«iE B3R3Hfife-c»ia^6 

[0 1 653 JiLhOJ: 5 fc. |0*W9*>#iB*a** 

[oi 663 (mnmio)mtmi9iza^ximm^. 

mizO. 1 s c c mO*X7 -f y#x£SS-fJ2Mi« H 

mM9 tmt&n-x'mBf&i'n'iti. znmnmwz 



[01673 {mm 1 1 ) sms B M®a^ffie$ 
ifio. 3 5vTnX'hh%tenjjm :: f-zfimit.z. mmm 

WWM<OBW3fc4 0 0 0 nm, ^iSS2r 3 5 0X;tC 

[01 683 ±&m?ffi*ftt£a!l£ Ufc t <! h . ^lfiW2 
03WB«*Sl^tC«LT«»3l6«aW 1 • 0 3 6flK » 
jg^i 1.05 6fStc=5rO . g^7t*l©m?6<tttSr* 
IX^hZttfttfritz. 

[01693 (mmmi 2) -mzttiMtLx. 300 
ictfev^r dcv^ how; y ^ u vrmx'mjSLL 
tzm-??*^^ <cu 2 Mg) tfflofc3iaB«**? 



(16) 
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saw*. m.m 2tn t*#«*fr-c#iB«a#* * 

•C. Ka8 5XOtWHci5 0«BlttitL.Ti3*, ftffi 

[0 1 703 (Hit0ll3)Sat«9O3ttiBlE** : W) 
ilA£#j£*SR. *9V#X (CH 4 ) 53scc 

[oi7i] ^^m^^osaiM 

B4ISttW9tfMlflB«**?01. 0 5fg»fi»^m 

XMnjimTzwpHk lx^j^-mz 

[0172] JjUbOJ: ofcLT. Hffiffl 1 3c7)3t®«^ 
[0 1733 

HMW>»ft] HJbUfiUfcldC, *IKH«MI6Wtt 

0S:ifc#T£S. 
[0ffiofSM&Bjn 

[013 *^<03^SttmJ8^^flS<0-fRI^*t 
Iffffillt'S)!). 

[02 3 y * hy^*)^-t®.w&&com&£*-m 
wmxhi. 

[03 3 ?X*;Mr- ( E u ) i: j?ju rfROlW 

[04 3 C,/C 2 t77A(ra<?)^^-tiKBfl0T-S> 
5. 

[053C!+C 2 i:77M ^«<OK$£^t1K B J10-e& 
£. 

[06 3 ISfttttt : W)*¥*mi:»^*0 ! flrt«Ki: 
[07 3 »JMMft^W^Sfc«»*«a[^IW»** 

■fwaarcaft. 

[ 08 3 efltttt**>K«* fc 7? Xi r «039$Sr*-rSl 
HJ]0T-£>£. 

[093 c^bvMTn^m^Tjk-iWMX'hi. 
n-mnwrnx-hi,. 



[0113 ^HBO^iSm^^O-fiFa^BiffiffiJtSrTr: 

[013 3 **W53^«**^«--WwBifflllBftSr^ 
[014 3 *ia|(03tgt^tf (^mi) <0— 0>J 

[*re<OlPJ33 

101 fttHSttfiJK 

102 WBL 

100 2 tfXft&SSE 

100 3 KSStl 

1004 t-9- 

100 5 £K 

10 0 6 USA 

1007 ®SA 

10 08 €ffiB 

1009 tJilB 

10 10 3 V?"? 9 >X/<.)V~X 

1011 $ft£8 

10 12 75X7 

1013 

110 2 5}$* 

1103 kokmi 

1104 gffiig0jji£®l 
110 5a nil 
1105b n 2 JI 

1106 ill 

1107 pM 

1108 iSBMon 

1109 mmmm 
mo 

mi pi nm&m 

1202 
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